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Abstract: 
 
Fabrication of graphene field effect transistor is described which uses an intrinsic graphene on the 
surface of as deposited hydrogenated amorphous carbon films. Ambipolar characteristic has been 
demonstrated typical for graphene devices, which changes to unipolar characteristic if the surface 
graphene was etched in oxygen plasma. Because amorphous carbon films can be growth easily, with 
unlimited dimensions and no transfer of graphene is necessary, this can open new perspective for 
graphene electronics. 
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Recently [1] we have measured surface resistivity of hydrogenated amorphous carbon films 
and observed that the surface resistivity shows a sharp ambipolar peak at +0.3 V of the gate voltage 
and sheet resistance at the peak maximum of 7.5 kΏ/sq. This value is the same order of magnitude as 
the sheet resistance of a defect free graphene monolayer [2]. Therefore a conclusion was made that 
an intrinsic graphene exist on the surface of hydrogenated amorphous carbon films and probably on 
the surface of all other types of amorphous carbon films. In this letter we report on field effect 
transistor fabricated from intrinsic graphene, which exist on the surface of as deposited amorphous 
carbon films. 
The films used in our experiments were 70 nm amorphous hydrogenated (a-C:H) carbon 
films deposited by PE CVD (plasma enhanced CVD) from benzene vapor diluted with argon. They 
are fabricated on the top of 300 nm thermal SiO2 on silicon. The SiO2 serves as an insulating layer, 
so a back-gate voltage can be applied to vary carrier concentration. These films can be produced with 
very different resistivity from soft graphitic-like low resistance films to hard, high resistance films by 
varying only the bias voltage in a DC PE CVD system. As we needed high resistance samples the 
films used in this work were fabricated at 1kV bias voltage. 
 Fig. 1 shows the field effect transistor structure. The conducting channel is formed at the top 
of the surface of amorphous carbon film between two silver paint contacts serving as source and drain 
of the transistor. Silver paint contacts were used instead of evaporated or sputtered metal contacts in 
order to prevent possible modification of the film surface during contact fabrication. The same 
reason was to use fabrication process without patterning the film. The distance between source and 
drain contacts was about 3 mm. 
The back-gate voltage from a low frequency signal generator or from a digital –analog 
converter was applied to the back side of the silicon substrate through a silver paint contact. In this 
measurement the silicon substrate is acting as a gate and 300 nm SiO2 is a gate insulator. Current – 
voltage characteristics of the fabricated transistors were measured swiping a DC current from a 
digital – analog converter. The source – drain voltage was recorded by an analog-digital converter 
with 13 bit resolution. 
Current –voltage characteristic of intrinsic graphene field effect transistor is shown in Fig. 2. 
It is found that this device exhibit a nearly linear I-V dependence and lack of current saturation. 
Clear modulation of the source – drain resistance by the gate voltage is visible. In these 
measurements the gate voltage was ramped from -1 V to 1 V with frequency 1 Hz. The measured 
characteristic is not full symmetrical probably due to non-identical source and drain contacts. Indeed 
in other samples we observed symmetrical current-voltage characteristics with almost identical 
positive and negative branches.  
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Fig. 1. Graphene field effect transistor structure 
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Fig. 2. Current – voltage characteristic of intrinsic graphene field effect transistor. 
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The measured transfer characteristic - Fig. 3 (drain current versus gate voltage) of the 
transistor is ambipolar, although unipolar characteristics are often reported in graphene transistors [3-
5] and are explained usually by p-dopants, such as the oxygen and water adsorbed on graphene 
surfaces. For gate voltages between -0.8 V and +2.5 V the current is constant, about 0.3 µA probably 
flowing though the bulk of the DLC film. For negative gate voltages greater then -0.8 V and for 
positive voltages greater then +2.5 V the current increases, which is a clear indication of an 
ambipolar behavior. The branch of this characteristic for positive gate voltages is steeper because of 
the greater mobility of electrons carrying the current in this branch. For dc drain-source voltage of 
0.191 V the transconductance of the transistor is 1.6 µS for holes and 2.6 µS for electrons. Because 
the channel dimensions are not well defined this value is difficult to compare with other graphene 
transistors. 
In the next experiment the graphene layer on the surface of amorphous carbon was removed 
by plasma etching. The etching was made in pulsed oxygen plasma [1] for processing time of 10 s at 
voltage amplitude 740 V, pulse frequency of 66 kHz and pulse time of 10 µs. During the plasma 
etching the pressure of the chamber was 2.6x10
-1 
Torr. Transfer characteristic of a field effect 
transistor fabricated from this film (shown in Fig. 4) is unipolar and typical for p-channel mode of 
operation of a field effect transistor. This can be expected from the p-type nature of the hydrogenated 
amorphous carbon films. 
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Fig. 3. Transfer characteristic of intrinsic graphene field effect transistor with an applied 
drain voltage of 0.191 V. 
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Fig. 4. Transfer characteristic of field effect transistor fabricated after removing graphene 
surface layer by oxygen plasma. The applied drain voltage is 0.206 V. 
 
Here one should remember that by using transmission electron microscopy (TEM) and 
spatially resolved electron energy loss spectroscopy (EELS) sp
2
-bonded layer about 1 nm thick was 
already observed at the surface of the tetrahedral amorphous carbon films [6, 7]. The existence of 
this sp
2
-rich layer on the surface of tetrahedral (ta-C) amorphous carbon was regarded as problem for 
fabrication of TFT (thin film) transistors from these materials. One believes that this layer could 
prevent transistor action and has to be removed. In [8] the graphitic layer on the top surface of the ta-
C was etched away in oxygen plasma and ta-C thin film transistor was fabricated. 
In conclusion, graphene field effect transistor has been fabricated using intrinsic graphene, 
which exists on the surface of as deposited hydrogenated amorphous carbon films. Gate control of 
the drain current has been demonstrated in ambipolar transfer characteristics. For dc drain-source 
voltage of 0.191 V the transconductance of the transistor is 1.6 µS for holes and 2.6 µS for electrons. 
Removing the graphene surface layer in oxygen plasma changes the ambipolar behavior to unipolar. 
Because amorphous carbon films can be growth easily, with unlimited dimensions and no transfer of 
grapheneis is necessary, it can open new perspective for graphene electronics. 
 
6 
 
 
References: 
1. S. Tinchev, Surface resistivity of hydrogenated amorphous carbon films: Existence of 
intrinsic graphene on its surface, arXiv:1311.0605 [cond-mat.mtrl-sci]. 
2. K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. Dubonos, 
I.V.Grigorieva, A.A. Firsov, Electric Field Effect in Atomically Thin Carbon Films, 
Science 306 (2004) 666-669. 
3. Tingting Feng, Dan Xie, Yuxuan Lin, He Tian, Haiming Zhao et al., Unipolar to 
ambipolar conversion in graphene field-effect transistors, Appl. Phys. Lett. 101, 253505 
(2012). 
4. Seoung-Ki Lee, BeomJoon Kim, Houk Jang, Sung Cheol Yoon, Changjin Lee, Byung 
Hee Hong, John A. Rogers, Jeong Ho Cho and Jong-Hyun Ahn, Stretchable 
Graphene Transistors with Printed Dielectrics and Gate Electrodes, NanoLett. 2011, 11, 
4642–4646. 
5. Xiying Ma, WeixiaGu, Jiaoyan Shen and Yunhai Tang, Investigation of electronic 
properties of graphene/Si field-effect transistor, Nanoscale Research Letters 2012, 7:677. 
6. C.A. Davis, K.M. Knowles, G.A.J. Amaratunga, Cross-sectional structure of tetrahedral 
amorphous carbon thin films, Surface and Coatings Technology, 76-77 (1995) 316-321. 
7. C. A. Davis, G.A. J. Amaratunga,and K. M. Knowles, Growth Mechanism and Cross-
Sectional Structure of Tetrahedral Amorphous Carbon Thin Films, Phys. Rev. Letters 
80(1998), 3280-3283. 
8. F.J. Clough, W.I. Milne, B. Kleinsorge, J. Robertson, G.A. J. Amaratunga and B.N. Roy, 
Tetrahedrally bonded amorphous carbon (ta-C) thin film transistors, Electronics Letters, 
32(1996) 498-499. 
 
